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A B S T R A C T

Botulinum toxin is a targeted therapeutic that acts primarily at the site of injection. Various approaches have 
been taken to guide injection into the selected muscle, gland, organ or other body area. Guidance methodologies 
that can be used in the office setting for skeletal muscle and salivary gland percutaneous injection include 
uninstrumented manual needle placement, electromyography (EMG), electromyography with electrical stimu-
lation (e-stim), ultrasound (US) and combined guidance (US + EMG or US + e-stim). This article reviews the 
advantages, disadvantages, and accuracy of each method and the impact of each guidance technique on thera-
peutic outcome for muscle and salivary gland injections. Overall, manual placement may suffice for large and 
superficial muscles, however, all instrumented techniques improve accuracy. Electromyography can uniquely 
provide information on muscle activity, while e-stim can aid injection in patients who cannot voluntarily activate 
a selected muscle. Ultrasound is the only technique that can visualize internal structures, allowing identification 
of a safe trajectory for injection of small or deep targets that might otherwise be inaccessible.

1. Introduction

Botulinum toxin (BoNT) is a focal therapeutic that must be injected 
directly into the affected body area, e.g. muscles (skeletal muscle, 
sphincters, or bladder), glands (sweat, salivary, or lacrimal glands), skin 
or subcutaneous tissues, or lesions. Currently approved BoNT formula-
tions for clinical use are provided in solution or freeze-dried or vacuum- 
dried forms that require reconstitution with a diluent before injection. 
BoNTs exert their therapeutic effects through internalization into 
cholinergic presynaptic neurons where they disrupt neurotransmitter 
release. While BoNTs act predominantly at the local level, central ner-
vous system effects may also contribute to their clinical effectiveness. 
Significant systemic effects are uncommon. Of the eight clostridial BoNT 
serotypes, only types A and B have received U.S. FDA approval for 
clinical use. Despite differences in formulation, dose and intracellular 
site of action, all clinical A and B toxins necessitate site-specific injection 
and have comparable clinical effectiveness.

Optimizing therapeutic outcome with BoNT hinges on careful se-
lection of the target for injection, BoNT formulation, dose, and dilution, 
and injection technique. BoNT treatment should be provided in the 

context of collaboration with the patient to manage expectations and to 
establish realistic goals.

In the management of dystonia and spasticity, BoNT is administered 
intramuscularly. Muscle selection is the first step and is crucial to suc-
cessful outcome. Evaluation for muscle selection includes a compre-
hensive history and physical examination focused on muscle tone, 
voluntary and involuntary movement and function (Karp and Alter, 
2017).Electromyography may also be helpful by detecting inappropriate 
activity in muscles that should be at rest or, conversely, a lack of activity 
in a muscle that otherwise appears to be contributory to the dystonia 
(Alter et al., 2020). For hypersalivation, toxin is injected into salivary 
glands. Evaluation focuses on the pattern of hypersalivation at rest 
(constitutive salivation) compared to that elicited by external stimuli (e. 
g. food or smells). Thus, specific muscles or glands are chosen for in-
jection based on individualized examination and outcome goals.

Once the sites for injection are selected, accurate delivery of the toxin 
is desirable. If toxin is injected close to, but not directly into, the selected 
site, its therapeutic effect must rely on diffusion to reach the intended 
target. Utilizing diffusion to reach the site of action at the neuromuscular 
or neuroglandular junction, may necessitate a higher toxin dose and 
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cause more off-target adverse effects, such as weakness in unintended 
muscles.

This paper discusses the techniques currently available to guide 
BoNT injection, reviews the data on the accuracy of needle placement 
and impact of guidance techniques on BoNT effectiveness, and examines 
the possible advantages and drawbacks associated with each technique. 
We focus on BoNT injection guidance methodologies that can be used in 
the office setting for skeletal muscle and salivary gland percutaneous 
injection: uninstrumented manual needle placement, electromyography 
(EMG), electromyography with electrical stimulation (e-stim), and ul-
trasound (US) and a combination of guidance methods (EMG + US, E- 
stim + US) (Table 1). Localization techniques are employed to ensure 
accurate delivery of toxin where intended, maximizing its effect while 
minimizing adverse and off-target effects. They can also help prevent 
damage to internal structures from the needle during the procedure. 
Techniques for cystoscopic, endoscopic or intra-operative injections and 
those using fluoroscopy, CT or MRI imaging are beyond the scope of this 
discussion.

2. Background

Electromyography was used for the first clinical application of BoNT 
for strabismus, pioneered by Alan Scott. The 1980 report “Botulinum 
toxin injection into extraocular muscles as an alternative to strabismus 
surgery” (Scott, 1980) states: 

“From the tip of the EMG needle we record the muscle activity to 
determine if the injection is going into the muscle. The needle is 
inserted into the extraocular muscle region, the eye then turns into 
the field of action of that muscle to activate the motor units, and then 
the needle is advanced until it is in the area of the neuromuscular 
junction (about 2.5 cm posterior to the insertion) and the EMG 
response indicates it to be within the muscle itself. After dozens of 
electromyographic needle insertions, we find extraocular muscles 
still elusive, and believe it would be difficult to inject reliably 
without electromyographic guidance.”

EMG was similarly employed in the early BoNT treatment procedure 
for dystonia including spastic dysphonia, oromandibular dystonia (Brin 
et al., 1987), craniocervical dystonia (Jankovic and Orman, 1987), and 
hand dystonia (Lees et al., 1992), although Brin et al. noted that they 
discontinued the use of EMG for oromandibular and lingual dystonia 
once they gained experience in those injections (Brin et al., 1987). 
Schiano et al. published the first report on the use of ultrasound to guide 
injection, using endoscopic US for BoNT treatment of esophageal 
achalasia (Schiano et al., 1996).

2.1. Manual localization

Manual localization utilizes the clinician’s knowledge of standard 
anatomy, visual inspection and palpation to identify anatomic land-
marks referenced to muscles and other structures under the skin. This 
method requires no specialized equipment and can be used to inject 
some non-muscle targets, such as salivary glands, as well as muscles. 
Most clinicians learn basic human anatomy during schooling that can be 
supplemented by continuing education courses and training with in-
jection models or simulators. Standard anatomy textbooks are an 
important resource. Diagnostic EMG guidebooks are helpful, while 
anatomic atlases written explicitly for BoNT injection provide more 
specific illustrations and instructions on where to insert the needle in 
relation to surface landmarks for the structures to be injected (Jost, 
2019; Alter and Wilson, 2014). However, manual localization is limited 
in its ability to account for normal individual anatomic variations and, 
importantly, changes due to diseases or conditions that can distort 
anatomy such as spasticity, atrophy, and contractures. Similarly, re-
strictions in patient positioning due to contractures or involuntary 
movements limit reliance on standard anatomic reference guides (Alter 
et al., 2015). Assessing the depth of non-surface targets when relying 
solely on surface anatomic landmarks can be particularly challenging.

2.2. Electromyography (EMG)

Electromyography came into wide clinical use for evaluation of 
neuromuscular conditions in the 1950s. For EMG, an insulated needle 
electrode is inserted through the skin into a muscle to detect neuro-
muscular activity that can be conveyed to the examiner as an auditory 
signal and/or visual waveforms. For EMG-guided injections, an insu-
lated injecting monopolar electrode needle is used for dual purposes: 
obtaining muscle signals and delivering the neurotoxin. Monopolar 
EMG-injection needles for neurotoxin injection are commercially 
available with an integrated lead wire and insulation along the needle 
shaft so that signal is captured only at the needle tip. For injection, 
reference and ground electrodes are placed on the skin. While a standard 
EMG machine can be used, handheld EMG devices may offer more 
convenience. The precise needle location is ascertained by instructing 
the patient to voluntarily contract the target muscle, generating a 
muscle interference pattern on EMG.

BoNT acts on the presynaptic neuron at the neuromuscular junction 
and therefore may be more effective when placed at motor endplates. 
Injecting at the motor endplate might 1) decrease outcome variability by 
having a more consistent injection location at each injection session, 2) 
decrease toxin dose requirement and, subsequently, cost, and 3) 
decrease the risk of off-target effects. Shaari et al. found that injection at 
the motor endplate maximized paralysis, quantified by glycogen stain-
ing of the rat tibialis anterior muscle following nerve stimulation (Shaari 

Table 1 
Guidance techniques for botulinum toxin injection.

Manual needle placement using anatomic landmarksa

Electromyography
Without electrical stimulationa

With electrical stimulation (E-stim)a

Imaging
Ultrasounda

Fluoroscopy
CT scanning
MRI

Combined guidance
Ultrasound + EMGa

Ultrasound + E-stima

Direct observation
Visual for skin or surface lesions
Endoscopy

a Office-based procedures discussed in this article.
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and Sanders, 1993). Injection 0.5 cm from the endplate led to 50 % less 
paralysis. Similarly, Lapatki et al. found that BoNT efficacy, measured by 
a decrease in compound muscle action potential amplitude following 
injection into the foot extensor digitorum brevis muscle in healthy 
adults, decreased with the distance from the motor endplate (Lapatki 
et al., 2011). A 1 cm increase in distance from the endplate diminished 
the effect of toxin by 46 %.

EMG is the only localization method that can identify motor end-
plates. In clinical practice, however, motor endplates are rarely sought. 
Endplates are difficult and/or time consuming to find, requiring multi-
ple needlesticks and adding time to the procedure. Injection at the 
endplate is often painful, adding to patient discomfort. Rather, in-
jections are directed more generally to muscle innervation zones, which 
have been identified for many muscles relevant to neurotoxin treatment 
(Van Campenhout and Molenaers, 2011; Childers, 2004; Delnooz et al., 
2014). Gracies et al. found that biceps spasticity was reduced more with 
injections along the endplate band or high volume injection (Gracies 
et al., 2009). Delnooz et al. reported that half-dose endplate 
band-targeted injection into sternocleidomastoid and splenius capitis 
lead similar improvement as full dose non-endplate zone EMG guided 
injection (Delnooz et al., 2014). However, Im et al. compared injections 
at the innervation band to more distal injections in gastrocnemius in 
adults with spasticity due to stroke (Im et al., 2014). Injections were 
successful in both cohorts with no differences in post-treatment muscle 
hyperactivity or clinical benefit. Mayer et al. compared motor point 
injection to multisite injection into biceps and brachioradialis for upper 
limb spasticity and found no difference between approaches in clinical 
outcomes (Mayer et al., 2008).

As well as assisting with accurate localization, EMG may help inform 
which muscles to inject in patients with spasticity or dystonia. If EMG 
detects ongoing activity indicating over-contraction in a muscle that 
should be at rest, that muscle may require injection. Conversely, if a 
muscle is silent when dystonic posturing is present, injection of that 
muscle is likely not warranted.

In addition to knowledge of functional anatomy required for manual 
localization, EMG requires equipment and training. EMG can increase 
patient discomfort if multiple needle sticks or repositioning is needed 
and may increase procedure time. Important limitations of EMG are that 
it cannot distinguish between adjacent muscles if they perform the same 
action, as in the layered muscles of the posterior neck that contribute to 
neck extension and rotation, or in the presence of co-contraction. In 
patients with upper motor neuron syndromes, the usefulness of EMG 
alone for muscle localization is often limited by mass synergies, co- 
contraction in non-targeted muscles, and by some patients’ inability to 
voluntarily isolate and contract the target muscle. EMG guidance is also 
only applicable to muscle targets.

2.3. EMG with electrical stimulation (e-stim)

An electrophysiologic localization method that does not depend on 
the ability to selectively voluntarily activate a muscle is e-stim. Using an 
EMG machine or handheld device with stimulation capability, a pulse of 
gradually increasing intensity can be transmitted through the EMG 
needle until a visible twitch or action is generated in the target muscle. 
E-stim may be especially useful in patients who cannot voluntarily 
contract the target muscle or in the presence of co-contraction. It can 
also aid identification of individual fascicles of finger flexor and extensor 
muscles. Similar to EMG without stimulation, e-stim may require 
repeated needle repositioning and increased procedure time. Beyond the 
discomfort of EMG and the injection, the stimulation pulses can be 
painful; sedation is often required to perform e-stim in children. Tar-
geting errors can occur when using e-stim when the needle is in an 
untargeted muscle but twitch is observed in the target muscle due to 
volume conduction from excessive stimulation intensity. Combined e- 
stim-ultrasound guidance is also utilized by some clinicians whereby the 
clinician observes for visible muscle contraction on the ultrasound 

display screen while applying low levels of stimulation via the insulated 
EMG needle. This provides added confirmation that the needle is within 
the target muscle (Alter et al., 2015).

2.4. Ultrasound (US)

Ultrasound employs high frequency soundwaves to generate images 
of internal anatomic structures based on their echogenic properties. US 
facilitates visualization of internal organ position, depth, shape, and 
size. During injection, US enables real-time visual tracking of needle 
advancement and can show the flow of injectate into the target. Among 
instrumented office techniques, US uniquely allows visualization of non- 
muscle targets as well as displaying neurovasculature and other struc-
tures to avoid, enabling delineation of safe trajectories to deep targets. It 
can also aid identification of muscle fibrosis, atrophy, displacement and 
anatomic variation. The adoption of US in the clinic has been limited by 
the cost of US machines and associated materials (e.g. gel, US trans-
ducers, and transducer covers) and the specialized training required. A 
limitation of US is that it does not provide information on muscle ac-
tivity. However, it can be safely and effectively combined with EMG to 
integrate anatomic imaging with assessment of muscle activity.

3. Comparative accuracy and effectiveness of guided injections

To aid clinician choice of a guidance method that optimizes patient 
outcome, data on the accuracy of each technique and the impact of 
accuracy on toxin effectiveness are essential. We identified 43 papers 
published between 1992 and 2023 that investigated the accuracy and/or 
efficacy of manual localization, EMG, e-stim and/or ultrasound for toxin 
injections and 4 review articles. Of these, 21 studies assessed injection 
accuracy, while 22 evaluated efficacy in adult or pediatric populations 
across various conditions and injection targets (Table 2).

3.1. Accuracy of needle localization

Twenty-one studies investigated the precision of needle placement 
with different techniques, with 11 studies performed using cadavers 
(Haig et al., 2003; Hallgren et al., 2008; Boon et al., 2011; Schnitzler 
et al., 2012; Yun et al., 2015; Ko et al., 2020; Kim et al., 2021; Kreisler 
et al., 2021; Stecco et al., 2021; Vejbrink Kildal et al., 2023; So et al., 
2017) and 10 observational studies in patients (Tables 3 and 4). 
(Speelman and Brans, 1995; Ajax et al., 1998; Molloy et al., 2002; Chin 
et al., 2005; Yang et al., 2009; Loens et al., 2020; Picelli et al., 2012a, 
2012b; Kreisler et al., 2020; Montminy et al., 2022) This section dis-
cusses studies on needle placement into muscles. Studies on the accuracy 
of localization methods in the treatment of hypersalivation are discussed 
separately below.

3.1.1. Cadaver studies
In 7 cadaver studies of muscle targets, the accuracy of needle 

placement was assessed by injecting dye under manual or US guidance 
followed by pathological dissection to verify dye location; one study also 
incorporated CT scanning to detect the location of simultaneously 
injected iodinated contrast. One cadaveric study employed surface 
landmarks to guide manual placement of fine wires into lower limb 
muscles and then used CT imaging to confirm wire positioning. Another 
cadaver study examined both fine wire placement and dye injection into 
suboccipital neck musculature. The latter study and the remaining 
cadaver reports used anatomic dissection for injection site identifica-
tion. All of the cadaver studies evaluated the accuracy of manual 
localization; seven of the studies compared manual placement to ultra-
sound guidance (Table 3).

The precision of manual needle placement in the cadaveric reports 
exhibited considerable variability, ranging from 39 to 100 %, whereas 
US-guided insertions had a consistently higher accuracy, achieving 
correct placement in 88–100 % of cases. While US guidance improves 
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accuracy relative to manual methods, it is not perfect. Even with US, 
needle misplacement can occur, most likely due to poor demarcation of 
muscle boundaries or failure to visualize the needle tip. Predictably, the 
accuracy of needle placement was better for larger and surface muscles 
than for smaller or deeper muscles. Regardless of the placement tech-
nique used, when misplacement occurred, the dye or wire location was 
predominantly either deep or superficial to the target rather than lateral, 
underscoring the challenge of using surface landmarks to estimate 
needle depth. Three of the studies compared the accuracy of experienced 
and inexperienced practitioners, finding little difference between them 
(Boon et al., 2011; Schnitzler et al., 2012; Yun et al., 2015).

Several caveats should be considered when extrapolating the cadaver 
data to clinical practice. Cadaveric injection can be confounded by post- 
mortem changes in tissues, the body cannot be positioned to aid 

approach to the target, voluntary activation of a muscle is not possible, 
and dye has different flow characteristics in the cadaver than toxin 
through living tissue.

3.1.2. Observational studies
The nine observational studies focused on manual placement, with 

one additionally evaluating e-stim. These studies did not compare 
localization modalities: one technique guided needle placement and a 
second technique was used to verify needle location. Observational 
studies conducted prior to 2009 relied on EMG or e-stim to confirm 
needle location, while studies published after 2009 used ultrasound for 
verification (Table 4).

Accuracy into individual muscles was highly variable, ranging from 
as low as 11 % for the tibialis posterior in children with cerebral palsy to 

Table 2 
Publications on the accuracy and/or effectiveness of targeting methods for BoNT injection.

47 papers 1992–2023 
• 21 evaluated accuracy
• 11 cadaver studies
• 10 patient observational studies
• 22 evaluated efficacy
• 20 prospective
• 1 retrospective
• 1 prospective/retrospective
• 4 systematic reviews
Population 
• 35 adult
• 8 pediatric
Target 
• 6 upper extremity
• 13 lower extremity
• 4 upper and lower extremity
• 12 neck
• 1 subscapularis
• 1 internal anal sphincter
• 1 facial muscles
• 5 salivary glands

Table 3 
Accuracy of needle placement: Cadaver studies.

Reference Target N 
insertions

Method Confirmation Accuracy mean (range) Comments

Manual Ultrasound

Haig (Mayer 
et al., 2008)

leg 263 Fine wire insertion into lower 
limb muscles

Dissection 57 % (0–100 %)  17 % of injection within 5 
mm or pierced undesirable 
structures (nerves, tendons, 
blood vessels, joints)

Hallgren (Haig 
et al., 2003)

neck 181 Fine wire insertion or dye into 
suboccipital neck muscles

Dissection 80.6 % (63–83 
%)

 

Boon (Hallgren 
et al., 2008)

leg 112 Fine wire insertion into 14 lower 
limb muscles

CT scanning 39 % (0–100 %) 96 % (semitendinosis 
50 %; other muscles 
100 %)

Less experienced injectors 
had incorrect trajectory to 
muscle more often than 
experienced injectors

Schnitzler (
Boon et al., 
2011)

leg 121 Dye injection gastrocnemius Dissection 43 %  Missed injections were too 
deep or superficial

Yun (Schnitzler 
et al., 2012)

leg 32 Dye injection tibialis posterior, 
peroneus longus, long and short 
heads of biceps femoris

Dissection 71.9 % 
(50–93.8 %)

96.9 % (93.8–100 %) 

Ko (Yun et al., 
2015)

neck 72 Dye injection Dissection 62.5 % (54–79 
%)

97 % (96–100 %) 

Kim (Ko et al., 
2020)

neck 36 Dye injection into 
sternocleidomastoid

Dissection  100 % 

Kreisler (Kim 
et al., 2021)

neck 156 Dye and CT contrast injection 
multiple neck muscles

Dissection and 
CT scan

48 % (40–58.3 
%)

88.2 % (83–100 %) 

Stecco (
Kreisler 
et al., 2021)

Subsca- 
pularis

4 Dye injection medial and lateral 
approaches to subscapularis

Dissection 100 % 100 % 

Vejbrink Kildal 
(Stecco et al., 
2021)

face; 
lacrimal 
glands

182 Dye injection into 3 facial 
muscles and lacrimal glands

Dissection 50 % (46–54 %) 
all targets 8 % 
lacrimal gland

88 % (62–100 %) all 
targets 62 % lacrimal 
gland

23 % placements targeted to 
depressor anguli oris stained 
the facial artery
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100 % for large and superficial muscles. As with cadaveric insertions, 
manual placement into large and superficial muscles was more accurate 
than that into small or deep muscles.

Many factors undermine the accuracy of manual insertions. While 
helpful, anatomic atlases reflect an idealized or average anatomy 
derived from healthy individuals. In clinical practice, patient-specific 
and condition-associated variations alter the anatomy. Henzel et al. 
mapped ultrasound-derived coordinates for 4 upper limb muscles onto 
the skin surface of patients with spasticity, comparing them to the in-
jection sites described in an EMG guide. They found significant dis-
crepancies between the EMG-recommended sites and the ultrasound- 
mapped locations for several forearm flexor muscles (Henzel et al., 
2010).

4. Does accurate localization matter? Comparative efficacy of 
localization methods

Whether more accurate localization translates into better patient 
outcome has been a matter of debate, as many clinicians achieve 
acceptable results with manual injection alone (Barbano, 2001; Jan-
kovic, 2001). The impact of EMG, e-stim and/or US guidance on BoNT 
efficacy and effectiveness have been explored in adult dystonia (Comella 
et al., 1992; Geenen et al., 1996; Hong et al., 2012; Wu et al., 2016; 
Kutschenko et al., 2020; Lungu et al., 2022; Tyslerowicz et al., 2022; 
Kreisler et al., 2022) (Table 5) and spasticity (Picelli et al., 2012a, 2014; 
Lungu et al., 2022; Ploumis et al., 2014; Santamato et al., 2014; Zeuner 
et al., 2017; Turna et al., 2020; Hauret et al., 2023) (Table 6) and in 
pediatric spasticity (Py et al., 2009; Xu et al., 2009; Kwon et al., 2010; 
Kaushik et al., 2018) (Table 7). These studies varied widely in their 
outcome measures, which likely contributes to the variability of results.

In adult cervical dystonia, single studies have demonstrated that 
EMG guidance is superior to manual placement, while US surpassed both 
e-stim and manual placement (Comella et al., 1992; Hong et al., 2012; 
Tyslerowicz et al., 2022). Wu et al. did not find a difference in thera-
peutic benefit when comparing manual and EMG guidance, however, 
they observed a higher incidence of dysphagia with manual injection 
(Wu et al., 2016). Hong et al. similarly reported a 34 % incidence of 
dysphagia associated with manual injection but no dysphagia with US 
guidance (Hong et al., 2012).

In focal hand dystonia, Geenen et al. found e-stim non-inferior to 
EMG (Geenen et al., 1996). Similarly, Lungu et al. reported no signifi-
cant difference in outcome between US and e-stim for focal hand dys-
tonia or upper extremity spasticity (Lungu et al., 2022).

For adult spasticity, US outperformed manual placement in three of 
four comparative efficacy studies (Picelli et al., 2012a; Ploumis et al., 

2014; Santamato et al., 2014). EMG was also better than manual 
placement (Ploumis et al., 2014). In the comparison between e-stim and 
US, four out of five studies found no significant difference in outcome; 
one indicated that US was superior (Picelli et al., 2012a, 2014; Lungu 
et al., 2022; Turna et al., 2020; Hauret et al., 2023).

In pediatric spasticity, three of 4 studies comparing US against 
manual and/or e-stim guidance found US superior (Py et al., 2009; Xu 
et al., 2009; Kwon et al., 2010). One study did not find a difference in 
outcome comparing manual and US guidance, however only gastroc-
nemius was injected in that study (Kaushik et al., 2018).

Systematic reviews have aided interpretation of the literature on the 
comparative effectiveness of various injection guidance modalities. 
Grigoriu et al. conducted a review of the literature on instrument-guided 
injections published between 1980 and 2014, selecting 10 papers for 
analysis (Grigoriu et al., 2015). They found that guided techniques were 
superior to manual placement in the neurotoxin treatment of spasticity 
and dystonia, but little difference between instrumented guidance 
methods. Chan et al. identified 4 clinical trials published between 1990 
and 2016 that compared 2 or more localization techniques for adult 
spasticity (Chan et al., 2017). They found Level 1 evidence that instru-
mented injection yield superior outcomes compared to manual place-
ment. Asimakidou et al. reviewed the literature up until December 2022, 
identifying six clinical trials that used 2 or more localization techniques 
in adult spasticity, used the modified Ashworth scale for evaluation, and 
assessed outcome 2–6 weeks after injection (Asimakidou and Sidir-
opoulos, 2023). Using a Bayesian network meta-analysis to rank tech-
niques, they found that all guided approaches led to better outcome than 
manual placement with US outperforming e-stim and EMG, with mini-
mal difference between e-stim and EMG.

5. Hypersalivation

Intraglandular injection of BoNT is used to treat hypersalivation 
(Table 8). So et al. evaluated the accuracy of needle placement into adult 
parotid and submandibular glands using dissection for verification. 
Their findings indicated an accuracy of 79 % for manual placement and 
96 % for US guidance into the parotid gland, while submandibular gland 
accuracy was 50 % for manual and 92 % for US-guided insertion (So 
et al., 2017). Similarly, Loens et al. reported a 74 % accuracy rate for 
parotid gland when the needle was placed manually and verified with 
US. (Loens et al., 2020) Two of three studies assessing the impact of 
guidance technique on treatment outcome found that US-guided in-
jections improved hypersalivation more than manually-guided injection 
(Dogu et al., 2004; Svetel et al., 2009; Pires et al., 2023).

Table 4 
Accuracy of needle placement: Observational studies.

Reference N 
insertions

Population Placement 
method

Assessment 
method

Accuracy mean % (range)

Speelman (So et al., 
2017)

540 Adult cervical dystonia manual EMG 72 % (47–83 %)

Ajax (Speelman and 
Brans, 1995)

381 Adult dystonia/spasticity; upper/ 
lower extremity

manual EMG 71 % (56–86 %)

Molloy (Ajax et al., 1998) 38 Adult focal hand dystonia manual EMG 37 % (45 % if fascicles excluded)
Chin (Molloy et al., 2002) 1372 Ped cerebral palsy, upper/lower 

extremity
manual e-stim 11–78 %

Yang (Chin et al., 2005) 272 Ped cerebral palsy, gastrocnemius 
only

manual US 79 % (medial 93 %, lateral 65 %)

Picelli (Loens et al., 2020) 324 Adult spasticity, gastrocnemius only manual/e-stim US manual = e-stim: 92 % medial gastrocnemius, 79 % 
lateral gastrocnemius;
E-stim better for proximal lateral gastrocnemius

Picelli (Picelli et al., 
2012a)

164 Adult spasticity, upper extremity manual US 51 % (39–63 %)

Kreisler (Picelli et al., 
2012b)

264 Adult cervical dystonia manual US 68–100 %

Montminy (Kreisler et al., 
2020)

36 Ped constipation, internal anal 
sphincter

manual US 40 %
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6. Effect of guidance techniques on safety

Botulinum toxin diffuses from the site of injection with the extent of 
spread influenced by factors such as dose, dilution and volume of 
injectate (Brodsky et al., 2012). In cadaver studies utilizing ink injection 
to assess injection accuracy, ink often spread outside of the target, 
especially with high volume injections.

Diffusion to off-target structures can cause adverse effects such as 
dysphagia due to weakness in uninjected pharyngeal muscles. Precision 
in targeting the injection can help limit these off-target effects. As noted 
above, Wu et al. observed a reduced incidence of dysphagia with BoNT 
injection into neck muscles for cervical dystonia when using EMG 
guidance compared to manual injection (Wu et al., 2016). When 
switching 5 patients with cervical dystonia from EMG-to US-guided in-
jections, Hong et al. found that the incidence of dysphagia dropped from 
35 % to 0 % (Hong et al., 2012). Kutschenko et al. found that US reduced 
the incidence of dysphagia, but did not eliminate it (Kutschenko et al., 
2020). Conversely, others have found no significant difference in 
dysphagia across different guidance techniques (Kreisler et al., 2022).

Adverse effects with BoNT administration can arise not only from the 
pharmacological action of the toxin, but also from the needle puncture. 
EMG, e-stim and US can help assure accurate needle placement, how-
ever, only US provides real-time visualization to ensure that the needle 
does not traverse or enter unintended, and possible risky structures. A 
report of ischiorectal fossa abscess following transvaginal BoNT injec-
tion of obturator internus and pubococcygeus without instrumented 
guidance may represent improper needle insertion through the muscle, 
tracking bacteria into the ischiorectal fossa (Brueseke and Lane, 2012). 
EMG or US confirmation that the needle was in muscle may have pre-
vented this complication.

The long history of BoNT injection with manual, EMG or e-stim 
guidance attests to its safety in most circumstances. However, inability 
to ensure safe access to the target has precluded injection of deep 
muscles with these techniques even though such muscles may contribute 
significantly to disability. For example, the longus coli is often involved 
in dystonic anteroflexion of the neck. Its deep paravertebral location 
behind the thyroid, trachea, esophagus, carotid artery and jugular vein 
makes blind injection unsafe. Ultrasound is the sole office-based 

Table 5 
Comparative efficacy of localization methods on BoNT outcome in adult dystonia. Shading indicates significantly better outcome.
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modality able to help the clinician delineate a safe pathway for injection 
of longus colli, usually through a frontal transthyroid or anterolateral 
approach (Tyslerowicz and Jost, 2019; Farrell et al., 2020). Similarly, 
the maxillary artery normally varies in its location relative to the lateral 
pterygoid muscle. Ultrasound can identify maxillary artery location so 
that an intraoral approach to the lateral pterygoid avoiding the artery 
can be used if needed (Unal et al., 2022).

7. Conclusions

When providing BoNT injections in the office setting, EMG, e-stim 

and US enhance the accuracy of needle placement, particularly in small 
and deep muscles. Despite the use of a guidance technique, it is still 
possible to miss the target especially with EMG and e-stim, where the 
depth of structures is more frequently misjudged than their lateral 
location. It is important to recognize that the different guidance meth-
odologies provide distinct information and are not mutually exclusive; 
each offers unique advantages and drawbacks. Combining techniques, 
such as using US for anatomy visualization with EMG for assessing 
muscle activity as a guide to muscle selection, may optimize the accu-
racy and effectiveness of BoNT injection.

While BoNT can be safely and effectively injected in many patients 

Table 6 
Comparative efficacy of localization methods on BoNT outcome in adult spasticity. Shading indicates significantly better outcome.

Table 7 
Comparative efficacy of localization methods on BoNT outcome in pediatric spasticity. Shading indicates significantly better outcome.
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with manual, uninstrumented guidance, published studies indicate that 
more accurate injection localization increases effectiveness and there is 
growing expert consensus advocating that an instrumented guidance 
technique be incorporated into clinical practice (Albanese et al., 2015; 
Wissel et al., 2009; Heinen et al., 2006). To maximize treatment out-
comes, training programs should ensure that clinicians have access to 
the necessary equipment, instruction, and practice to be able to utilize 
these techniques.
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